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(54) Vaporizing device for CVD apparatus 

(57) A vaporizing device for CVD source materials 
comprising: a vaporizer (8) for vaporizing introduced 
CVD source materials through heating, a spray nozzle 
(7) the end portion of which is fixedly attached to the 
vaporizer (8) for spraying the CVD source materials into 
the vaporizer (8), a cooling mechanism (1 9, 20) for cool- 
ing the spray nozzle (7), and heat conduction restricting 
means (21) attached either to a fixing portion (25), or 
provided proximate to a fixing portion of the spray noz- 
zle (7) or the vaporizer (8). The effect can be achieved 
that generation of non-vaporized residues and particles 
can be decreased and that improvements in productivity 
owing to elongation of continuous operation time and 
decrease in film forming deficiencies can be achieved. 
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Description 

[0001 ] The present invention relates to a vaporizing 
device for CVD source materials for a solution or a liquid 
used for CVD (chemical vapor deposition) forming of s 
dielectric films, ferroelectric films, electrodes or wiring 
materials used in semiconductor memories, system 
LSI, electrical devices and the like as well as to a CVD 
apparatus employing the same. 

[0002] Rapid progresses are being made in integra- 10 
tion of memory devices utilized in semiconductors, and 
it is the case with dynamic random access memories 
(DRAMs) that progresses in integration thereof resulted 
in bit numbers are four times the number than they were 
three years ago. Such progresses were made for the 15 
aim of achieving rapidness, low electric consumption or 
low cost of devices. However, no matter how much inte- 
gration shall be improved, capacitors which are compo- 
nents of DRAMs still need to keep a specified capacity 
for securing reliability. 20 
[0003] For this purpose, it is required to achieve 
thinning of film thickness of capacitor materials while 
limits were found in thinning of SiC>2 which is a com- 
monly used material so far. Therefore, in view of the fact 
that improvements in permittivity by using different 25 
materials make it possible to secure a certain capacity 
as well as thinning, studies are being paid attention to in 
which dielectric materials (materials of high permittivity) 
are used as capacitor materials for memory devices. 
[0004] On the other hand, ferroelectric memories 30 
are being paid attention to as one form of nonvolatile 
memories which do not require electric power for main- 
tenance of memories. Such memories are so arranged 
that polarization and inversion, which are material char- 
acteristics of ferroelectrics, are made to correspond to 35 
presence or absence of memories and are advantaged 
in that they are not only nonvolatile but also capable of 
presenting high-speed actions and high integration, 
depending on improvements in material characteristics. 
[0005] On the other hand, it has been considered to 40 
employ Pt or Ru as materials for electrodes as compo- 
nents of such semiconductor chips, and to employ cop- 
per as materials for wiring instead of conventionally 
used aluminum for the purpose of decreasing occur- 
rence of delays owing to low resistance (of achieving 45 
rapidness of operating speed). 

[0006] Characteristics which are required for such 
materials for capacitors are that they are thin films pre- 
senting high permittivity and that their leak current is 
small, while it is additionally required for ferroelectric so 
materials that they present polarizing characteristics. 
That is, as long as materials of high permittivity are 
used, it is required to form a film having a minimum 
thickness and to set the leak current thereof also to min- 
imum. In general, an approximate target for develop- ss 
ment is favorably set to be a film thickness of not more 
than 1 nm based on Si0 2 conversion and a leak current 
density of an order of not more than 10' 8 A/cm 2 when 



applying a voltage of 1 .65V. 

[0007] Materials for electrodes are further required 
to present low reactivity with the dielectric materials to 
be used in combination and to be capable of being eas- 
ily processed, and materials for wiring are further 
required to present a resistivity which is smaller than 
that of conventionally used aluminum. 
[0008] Further, for the purpose of forming a thin film 
above electrodes of DRAM capacitors or ferroelectric 
memory cells which are arranged in a stepped manner, 
or vice versa, for forming electrodes or wirings above 
such a thin film, it is of remarkable advantage in view of 
processing that film formation can be performed 
through CVD methods wherein materials present favo- 
rable adhesiveness to base materials of complicated 
shapes and mass production is enabled. 
[0009] In view of these facts, it has been considered 
to form oxide group dielectric films through CVD film 
forming methods utilizing, as materials for capacitors as 
well as ferroelectric materials, tantalum oxide, lead zir- 
conate titanate (PZT), lead lanthanum zirconate titanate 
(PLZT), strontium titanate (ST), barium titanate (BT), 
barium-strontium titanate (BST) or strontium-bismuth 
tantalunate (SBT). Further, materials for metallic elec- 
trodes for the oxide films might be Pt or Ru, materials for 
oxide group conductive electrodes Ru0 2 or SrRu0 3 , 
and materials for wiring Cu. 

[001 0] Since it is most advantageous to form films 
by using CVD methods, various CVD source materials 
for performing CVD film forming utilizing these materials 
have been developed, wherein many thereof are either 
in a liquid or in a solid state, and in case of solid source 
materials, these are used as source material solutions 
after being dissolved in suitable solvents. 
[0011] For instance, Japanese Unexamined Patent 
Publication No. 158328/1994 discloses CVD source 
materials wherein conventional solid source materials 
are dissolved in an organic solvent of tetrahydrofuran 
(THF) to obtain a solution whereby vaporizing charac- 
teristics and compositional controllability have been 
remarkably improved, and Japanese Unexamined Pat- 
ent Publication No. 310444/1994 further discloses a 
CVD apparatus. 

[0012] However, while quite favorable vaporizing 
characteristics and compositional controllability could 
be achieved by using the above conventional source 
material solution in the above CVD apparatus, insuffi- 
cient performance of the vaporizing device made it 
impossible to avoid generating of non-vaporized resi- 
dues within a vaporizer or a spray nozzle thereof. 
[001 3] There was presented a drawback that such 
residues reached a CVD reactor in forms of particles to 
cause deficiencies in film forming and thus to degrade 
repeatability of film forming and that elongation of con- 
tinuous operation time of the vaporizer was hindered 
thereby resulting in degradation of productivity for man- 
ufacturing memories. 

[0014] That is, the above vaporizing device is so 



2 



ENSDOCIH: <PP 



3 



, 7 EP 14)38 988 A2 



4 



arranged that carburetion of source materials is per- 
formed by spraying solutions or liquid source materials 
into a heated vaporizer by means of a spray nozzle; 
however, since this mechanism is insufficient, thermal 
hysteresis of materials until vaporizing temperatures 5 
are reached become slacked, so that a part thereof is 
degraded by thermal decomposition or by formation of 
origomer before reaching into the vaporizer to thereby 
cause generation of non-vaporized residues. 
[001 5] On the other hand, since liquid source mate- 10 
rials used for copper wirings are liable to cause thermal 
decomposition, generation of decompositions within the 
vaporizer was inevitable. 

[0016] As discussed above, solutions or liquid 
source materials are generally liable to cause thermal is 
decomposition, and the degree of decomposition was 
largely dependent on the performance of the vaporizing 
device. 

[0017] The present invention has been made to 
solve these subjects, and it is an object thereof to obtain 20 
a vaporizing device for CVD source materials capable of 
restricting generation of non-vaporized residues and 
particles, and of achieving elongation of continuous 
operation time of the vaporizing device and decrease of 
occurrence of deficiencies in film forming. 25 
[001 8] It is further an object of the present invention 
to obtain a CVD apparatus capable of performing supe- 
rior film forming by utilizing the above vaporizing device 
for CVD source materials to thereby improve productiv- 
ity of manufacture of memories or the like. 30 
[0019] A first vaporizing device for CVD source 
materials according to the present invention comprises 
a vaporizer for vaporizing introduced CVD source mate- 
rials through heating, a spray nozzle of which end por- 
tion is fixedly attached to the vaporizer for spraying the 35 
CVD source materials into the vaporizer, a cooling 
mechanism for cooling the spray nozzle, and a heat 
conduction restricting means attached either to the fix- 
ing portion, or to proximate of the fixing portion of the 
spray nozzle or the vaporizer. 40 
[0020] A second vaporizing device for CVD source 
materials according to the present invention is so 
arranged that the first vaporizing device for CVD source 
materials further includes a heat insulating mechanism 
for thermally insulating the vaporizer from the cooled 45 
spray nozzle. 

[0021] A third vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the first or second vaporizing device for 
CVD source materials, the heat conduction restricting so 
means is configured to assume a wall thickness which 
is smaller than a wall thickness of the vaporizer or the 
spray nozzle disposed in the periphery of the heat con- 
duction restricting means. 

[0022] A fourth vaporizing device for CVD source ss 
materials according to the present invention is so 
arranged that in the third vaporizing device for CVD 
source materials, the heat conduction restricting means 



is formed of a metallic plate of which thickness is 
smaller than the wall thickness of the vaporizer. 
[0023] A fifth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the fourth vaporizing device for CVD 
source materials, at least a part of a wall surface of the 
metallic plate of a small thickness is covered by glass, 
ceramics or heat-resisting plastics. 
[0024] A sixth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in either one of the first to fifth vaporizing 
devices for CVD source materials, the spray nozzle is a 
nozzle which is configured to make gas containing the 
CVD source materials and spray gas for spraying the 
CVD source materials flow in a separate manner. 
[0025] A seventh vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the sixth vaporizing device for CVD 
source materials, the spray nozzle is formed as a coax- 
ial double tube structure composed of an inner tube and 
an outer tube wherein gas containing the CVD source 
materials is made to flow through one of the tubes and 
spray gas for spraying the CVD source materials is 
made to flow through the other one of the tubes. ^ 
[0026] An eighth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the seventh vaporizing device for CVD 
source materials, coaxial double tube is made of metal, 
resin or a complex of these. 

[0027] A ninth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the eighth vaporizing device for CVD 
source materials, either a tip end portion of the coaxial 
double tube or the tube through which the CVD source 
material is made to flow is formed of resin. * 
[0028] A tenth vaporizing device for CVD source 
materials according to the present invention Ms*, so 
arranged that in the eighth vaporizing device for.iGVD 
source materials, the outer tube of the coaxial double 
tube is formed of metal. 

[0029] An eleventh vaporizing device for CVD 
source materials according to the present invention is 
so arranged that in either one of the eighth to tenth 
vaporizing devices for CVD source materials, the resin 
is fluorine group resin, polyimide or polybenzimidazole. 
[0030] A twelfth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in either one of the first to seventh vapor- 
izing devices for CVD source materials, a surface of an 
inner wall of the spray nozzle or the vaporizer is pro- 
vided with a coating film of nickel, chrome or an oxide 
thereof; a coating film of an alloy including as main com- 
ponents nickel or chrome, or an oxide thereof; a coating 
film of heat-resisting resin; a coating film of holohyaline; 
or a coating film of ceramics. 

[0031] A thirteenth vaporizing device for CVD 
source materials according to the present invention 
comprises a vaporizer for vaporizing introduced CVD 
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source materials through heating and a spray nozzle for 
spraying the CVD materials into the vaporizer, wherein 
a surface of an inner wall of the spray nozzle or the 
vaporizer is provided with a coating film of nickel, 
chrome or an oxide thereof; a coating film of an alloy 5 
including as main components nickel or chrome, or an 
oxide thereof; a coating film of heat-resisting resin; a 
coating film of holohyaline, or a coating film of ceramics. 
[0032] A CVD apparatus according to the present 
invention comprises any one of the above first to thir- 10 
teenth vaporizing devices for CVD source materials; a 
supply portion for supplying the CVD source materials 
into the vaporizing device for CVD source materials; 
and a reacting portion for forming a film on a substrate 
through reaction of the source materials which have 15 
been vaporized by the vaporizing device for CVD source 
materials. 

Fig. 1 is a schematic view of a CVD apparatus 
employing the vaporizing device for CVD source 20 
materials according to a first embodiment of the 
present invention; 

Fig. 2 is an explanatory view showing an enlarged 
view of a fixing portion between a vaporizer and a 
spray nozzle in the present invention; 25 
Fig. 3 is a schematic view of a CVD apparatus 
employing the vaporizing device for CVD source 
materials according to a second embodiment of the 
present invention; 

Fig. 4 is a schematic view of a CVD apparatus 30 
employing the vaporizing device for CVD source 
materials according to a third embodiment of the 
present invention; 

Fig. 5 is a schematic view of a CVD apparatus 
employing the vaporizing device for CVD source 35 
materials according to an embodiment of the 
present invention; and 

Fig. 6 is a schematic view of a conventional CVD 
apparatus. 

40 

Embodiment 1 

[0033] Fig. 1 is a schematic view showing an 
arrangement of the CVD apparatus utilizing the vaporiz- 
ing device for CVD source materials according to a first 45 
embodiment of the present invention. In the drawing, 
numerals 1 to 3 denote source material solutions, 
numerals 4 to 6 solution supplying means, numeral 7 a 
spray nozzle, and numeral 8 a vaporizer. The source 
material solutions are sprayed into the vaporizer 8 so 
through the spray nozzle 7. Numeral 9 denotes a spray 
gas supplying tube, numeral 17 is, for instance, a vac- 
uum heat insulating portion serving as a heat insulating 
mechanism, numeral 18 a metallic block, numeral 19 a 
cooling device, numeral 20 a cooling liquid flow path. 55 
The metallic block 18, cooling device 19 and cooling liq- 
uid flow path 20 make up a cooling mechanism. 
Numeral 21 denotes a heat conduction restricting 
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means wherein the vaporizer 8 and the spray nozzle 7 
are fixedly attached to each other through this heat con- 
duction restricting means 21. 

[0034] The vaporizing device for CVD source mate- 
rials according to the present invention comprises the 
vaporizer 8 having a heating wall surface and the spray 
nozzle 7 for spraying the CVD source materials, which 
are either solutions or liquids, into the vaporizer 8 
wherein the spray nozzle 7 is cooled through the cooling 
mechanism and the heat conduction restricting means 
21 is provided either at the fixing portion of the spray tip 
end of the spray nozzle 7 and the vaporizer 8 or proxi- 
mate to the fixing portion of the spray nozzle or the 
vaporizer. The device of the present embodiment is fur- 
ther configured to thermally insulate the cooled spray 
nozzle 7 from the vaporizer 8 through the heat insulat- 
ing mechanism 17. 

[0035] It should be noted that in Fig. 1 , numeral 10 
denotes a source material gas supply tube, numeral 1 1 
a reaction gas supply tube, numeral 12 a CVD reactor, 
numeral 13 a CVD gas nozzle, numeral 14 a substrate 
heating heater, numeral 15a substrate and numeral 1 6 
exhaust. 

[0036] In the vaporizing device for CVD source 
materials of the above-described embodiment, solu- 
tions 1 to 3 contained in the source material vessels are 
sprayed for carburetion by required amounts from the 
liquid supply vessels 4 to 6 through the spray nozzle 7 
into the heated vaporizer 8 together with inert spray gas 
such as nitrogen, helium or argon from the spray gas 
supply tube 9. 

[0037] Then, the vaporized source materials are 
sent into the CVD reactor 1 2 provided with the substrate 
heating heater 14 by passing through the source mate- 
rial gas supply tube 10 and are intermingled within the 
CVD gas nozzle 13 with reaction gas which is sent 
through the reaction (oxide) gas supply tube 1 1 such 
that a CVD film (dielectric film) is disposed on the sub- 
strate 15. 

[0038] At this time, the spray nozzle 7 is cooled to 
assume an arbitrary temperature up to a point located 
immediately in front of the connecting portion with the 
vaporizer 8 by means of the cooling mechanism com- 
posed of the cooling device 19, cooling liquid flow path 
20 and metallic block 18, and the end portion through 
which the source material solutions are sprayed is fix- 
edly attached to the vaporizer 8 via the heat conduction 
restricting means 21 so that the spray nozzle 7 is ther- 
mally separated from the heated vaporizer 8. 
[0039] It should be noted that owing to the arrange- 
ment of the present embodiment wherein the cooled 
spray nozzle 7 is thermally insulated from the vaporizer 
8 by utilizing the heat insulating mechanism 17 as 
shown in Fig. 1 . the spray nozzle 7 can be more reliably 
thermally separated from the heated vaporizer 8. while 
the spray nozzle 7 can be thermally separated from the 
heated vaporizer 8 by means of the heat conduction 
restricting means 21 also in the absence of the heat 
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insulating mechanism. Thus, generation of non-vapor- 
ized residues and particles within the vaporizing device 
(vaporizer or spray nozzle) can be decreased and it is 
enabled to achieve for improvements in productivity 
owing to elongation of successive operating time of the 5 
vaporizing device and decrease in film forming deficien- 
cies. 

[0040] The heat conduction restricting means 21 
according to the present invention shall be capable of 
forming a region which exhibits smaller heat conductiv- 10 
ity than the peripheral vaporizer 8 or the main body of 
the spray nozzle 7. Fig. 2 is an explanatory view show- 
ing an enlarged view of a fixing portion between the 
vaporizer 8 and the spray nozzle 7 in the present inven- 
tion wherein 25 denotes a fixing portion in the drawing, is 
[0041] Fig. 2(a) is a view schematically showing, in 
an enlarged condition, a portion of Fig. 1 which is pro- 
vided with the heat conduction restricting means 21 
wherein the heat conduction restricting means 21 is 
exemplified as to be formed of a metallic plate of a small 20 
thickness which is thinner than a thickness of walls of 
metallic portions composing the main body of the vapor- 
izer 8. The heat conduction restricting means 21 is, as 
shown in the drawing, composed of the fixing portion 25 
which fixedly attaches the vaporizer 8 with the spray 25 
nozzle 7. In this case, the thickness of the metallic plate 
of small thickness shall be smaller than the wall thick- 
ness of the vaporizer 8 and its approximate thickness 
shall be not more than approximately 1 mm. Utilization 
of metal makes it possfole to perform welding with the 30 
vaporizer or the spray nozzle to thereby provide air- 
tightness. 

[0042] The heat conduction restricting means 21 
might be formed of a metallic plate of a small thickness 
made of e.g. stainless steel, nickel, nickel alloy, platinum 35 
or cobalt alloy; or of glass, ceramics, heat-resistant 
plastics or a combination of these. 
[0043] Heat conduction can be restricted by coating 
at least a part of wall surfaces of the metallic plates of a 
small thickness with glass, ceramics or heat-resistant 40 
plastics, and especially by coating inner walls of the 
metallic plates of a small thickness, there can be 
achieved for effects that vaporized gas can be pre- 
vented from depositing to be adhered to the metallic 
plates. 45 
[0044] As shown in Figs. 2(b) and (c), by forming a 
notch on a part of walls of the vaporizer 8 or the main 
body of the spray nozzle 7 proximate to the fixing por- 
tion 25 between the vaporizer 8 and the spray nozzle 7 
for forming regions which are thinner than the wall thick- so 
ness of the vaporizer 8 or the main body of the spray 
nozzle 7 in the periphery of the fixing portion 25. this 
notch might function as the heat conduction restricting 
means 21. 

[0045] Further, in case of employing an arrange- ss 
ment in which the vaporizer 8 and the spray nozzle 7 are 
not connected through the fixing portion 25 as shown in 
Fig. 2 but are formed as a uniform body, similar effects 



can be achieved by forming a wall thickness of a region 
of Fig. 2 corresponding to the heat conduction restrict- 
ing means 21 to be thinner than those of its periphery. 
[0046] Fixing of the fixing portion 25 for fixedly 
attaching the vaporizer 8 and the spray nozzle 7 might 
be effected by fixing through welding or brazing or by 
fixing utilizing a gasket. 

[0047] The cooling mechanism according to the 
present invention is composed of a compulsory cooling 
portion and a heat conduction cooling portion which is 
in contact with the compulsory cooling portion and the 
spray nozzle, wherein the cooling means of the compul- 
sory cooling portion performs cooling, , besides circula- 
tion of cooling liquid, by cooling through a heat pipe, 
thermoelectric cooling using Peltier elements or cooling 
by combining these. 

[0048] A cooling temperature achieved by the com- 
pulsory cooling is so designed that the temperature of 
source materials in the proximity of the tip end of the 
spray nozzle is not more than 100 °C, preferably not 
more than 60 °C. In case this temperature is exceeded, 
thermal decomposition of source material solutions 
occur and origomer thereof are formed while deposition 
occurs in case the temperature is less than a freezing 
point of the source materials. 

[0049] Further, in case of source material solutions, 
the temperature needs to be set to a temperature with 
which no deposition in terms of solubility is generated. 
[0050] Also, the provision of the heat insulating 
mechanism for heat-insulating the heated vaporizer and 
the cooled spray nozzle as shown in Fig. 1 is preferable 
since it is capable of more reliably maintaining the cool- 
ing temperature. It further makes it possible to achieve 
heating on the side of the vaporizer in an effective man- 
ner. 

[0051] The heat insulating mechanism might be 
one which provides heat insulating by using heat-insu- 
lating materials besides the above-mentioned , heat 
insulating mechanism through vacuum or a combination 
of these. 

Embodiment 2 

[0052] Fig. 3 is a schematic view showing an 
arrangement of a CVD apparatus utilizing the vaporiz- 
ing device for CVD source materials according to a sec- 
ond embodiment of the present invention wherein 
numeral 23 denotes a spray nozzle of coaxial double 
tube structure which is composed of an inner tube and 
an outer tube for making gas containing the CVD source 
materials and spray gas for spraying these CVD source 
materials flow in a separate manner. 
[0053] Either one of the gas containing the CVD 
source materials and the spray gas for spraying these 
CVD source materials might be made to flow through 
the inner tube or the outer tube of the spray nozzle 23, 
and it is also possible to make the CVD source materi- 
als and the spray gas respectively flow through the inner 
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tube and the outer tube, and a part of the spray gas 
might be distributed with the CVD source materials. 
[0054] By utilizing the spray nozzle 23, drops of the 
source material solution to be sprayed into the vaporizer 
become small and uniform to thereby enable carbure- 5 
tion in an effective and stable manner. Consequently, 
generation of non-vaporized residues and particles 
could be decreased and it is enabled to achieve for 
improvements in productivity owing to elongation of 
continuous operation time of the vaporizing device and 
decrease in film forming deficiencies. 
[0055] As for materials used for the spray nozzle of 
double tube structure composed of the inner tube and 
the outer tube, while both of the outer tube and the inner 
tube might be formed of metallic tubes such as stainless 
steel tubes, it is also possible to employ resin exhibiting 
heat resistant and solvent resistant characteristics such 
as fluorine group resin, polyimide or poiybenzimidazole 
instead of metal. 

[0056] In case only the tip end portion of the inner 
tube and/or outer tube of the double tube or the tube 
containing CVD source material gas is formed of the 
above resin tube, it can be desirably restricted for adhe- 
sion of source material solution or reaction thereof. 
[0057] The spray nozzle for making gas containing 
CVD source materials and spray gas for making these 
CVD source materials flow in a separate manner might 
also be so arranged that tip end portions of a plurality of 
tubes for making the respective gases flow in a separate 
manner are provided proximate to each other to 
assume an atomizing structure. 

Embodiment 3 

[0058] Fig. 4 is a schematic view showing an 
arrangement of a CVD apparatus utilizing the vaporiz- 
ing device for CVD source materials according to a third 
embodiment of the present invention wherein numeral 
24 denotes a coating film. This coating film might be a 
coating film of nickel, chrome or oxides thereof, a coat- 
ing film of an alloy containing nickel or chrome as main 
components or oxides thereof, a coating film of heat- 
resistant resin such as fluorine group resin or polyimide 
group resin, a coating film of holohyaline such as 
quartz, borosilicate glass, fluorine group glass, phos- 
phate glass or porcelain enamel, or a coating film of 
ceramics such as alumina (alumite), silicon nitride, alu- 
minum nitride, silicon carbide, titania or titanium nitride, 
and might also be a film in which either of the above 
coating film materials are used in combination. 
[0059] While the above coating film 24 is formed on 
the inner wall of the vaporizer 8 in Fig. 4, the provision 
of the coating film on at least a part of surfaces of the 
spray nozzle 7 or the vaporizer 8 within the vaporizing 
device makes it possible to decrease generation of non- ss 
vaporized residues and particles on surfaces of materi- 
als employed for forming the vaporizing device and to 
achieve for improvements in productivity owing to elon- 



gation of the continuous operation time of the vaporizing 
device and decrease in film forming deficiencies. 
[0060] However, depending on the relationship 
between the coating materials and underlying materi- 
als, there might be arisen a case where these coating 
films are impossible to be formed or present extremely 
poor adhesiveness so that the coating materials need to 
be suitably selected depending on the used underlying 
materials. 

[0061] In case the heat conduction is poor, the 
thickness of the coating is set to be small and in case it 
is favorable, the thickness might also be large. 
[0062] It should be noted by combining the above 
Embodiments 1 to 3, for instance, by forming the coat- 
ing film according to the Embodiment 3 on surfaces of 
the vaporizer and spray nozzle according to the Embod- 
iments 1 and 2, it is enabled to decrease generation of 
non-vaporized residues and particles and to achieve for 
improvements in productivity owing to elongation of the 
continuous operation time of the vaporizing device and 
decrease in film forming deficiencies. 
[0063] Embodiments of the present invention will 
now be described. 



[0064] Fig. 6 is a schematic view showing an 
arrangement of a CVD apparatus utilizing a conven- 
tional vaporizing device for CVD source materials 
wherein each of the parts is connected through welding 
and brazing. It will now be explained for a case in which 
BST group dielectric films are formed by utilizing the 
above device. 

[0065] Respective source material solutions 1 to 3 
of Ba, Sr and Ti each of a density of 0.1 mol/l obtained 
by dissolving DPM (dipivaloyimethanate) group source 
materials in THF were sprayed for carburetion through 
liquid supplying means 4 to 6 by required amounts 
through the spray nozzle 7 at a flow rate of 1 to 5 ml per 
minute together with nitrogen gas from the spray gas 
supply tube 9 (flow rate: 300 CCM) into the vaporizer 8 
which has been heated to 200 to 250 °C. Portions which 
are composed of the spray nozzle 7 and the vaporizer 8 
form the vaporizing device for CVD source materials. 
[0066] Vaporized source material gas was sent into 
the CVD reactor 12 by passing through the source 
material gas supply tube 10. In the CVD reactor 12, the 
source material gas was intermingled within the CVD 
gas nozzle 13 with reaction gas (oxygen) which has 
been sent from the reaction (oxide) gas supply tube 1 1 
to form a BST group dielectric film on the substrate 15 
disposed on the heating heater 14. 
[0067] However, non-vaporized residues started to 
be generated upon performing carburetion for approxi- 
mately 30 minutes in the above vaporizing devices and 
film deficiencies started to be generated owing to parti- 
cles which are considered to be due to non-vaporized 
residues after approximately 60 minutes. 



75 



20 



25 Comparative Example 1 



30 



35 



40 



45 



6 



Dkiprwvun. -r-i-» 



11 , EP1,I 

Example 1 

[0068] In a CVD apparatus including the vaporizing 
device according to the present invention shown in Fig. 
1 , a stainless steel tube was employed as the spray noz- 
zle 7, a stainless steel plate of a small thickness having 
a thickness of approximately 0.5 mm was employed as 
the heat conduction restricting means 21 (Fig. 2(a)), 
heat insulation through vacuum was utilized as the heat- 
insulating mechanism 17, and an arrangement com- 
posed of the compulsory cooling portions 19, 20 utiliz- 
ing circulation of cooling liquid (water) and of the heat 
conduction restricting portion provided by the copper 
metallic block 18 was employed as the cooling mecha- 
nism. The remaining arrangements were similar to 
those of Comparative Example 1 and the BST group 
dielectric film was formed accordingly. 
[0069] It should be noted that each of the parts was 
connected through suitable connecting methods such 
as welding and brazing. 

[0070] More particularly, utilizing respective solu- 
tions of Ba, Sr and Ti of a density of 0.1 mol/l as source 
material solutions 1 to 3 obtained by dissolving DPM 
group source materials in THF respectively at a flow 
rate of 0.1 to 2 ml per minute, carburetion was per- 
formed at a cooling temperature of 5 to 20 °C for the 
spray nozzle 7, a flow rate of 300 CCM for the spray gas 
(nitrogen) and a vaporizing temperature of 200 to 250 
°C to perform vaporizing tests for 300 minutes and film 
forming tests during the same period. 
[0071] It was found that only an extremely small 
amount of residues was generated within the vaporizer 
and that no decrease in repeatability of film forming 
(generation of defect articles) due to particles in the 
formed BST dielectric films were observed. Moreover, 
periodic maintenance times could be reduced owing to 
elongation of continuous operation time of the vaporizer 
so that productivity of final semiconductor memories 
could be improved. 

[0072] The reason why the amount of generated 
non-vaporized residues could be remarkably reduced in 
the vaporizing device of the present invention in this 
manner is considered to be that the source material 
solutions stay in a cooled state immediately before they 
are sprayed into the heated vaporizer 8 and the thermal 
hysteresis applied to the source material solutions at 
the time of performing carburetion is extremely rapid 
whereby precursors and origomer of compound oxides 
that exhibit poor vaporizing characteristics are hardly 
formed. 

[0073] In contrast to that, it is considered that the 
thermal hysteresis applied to the source material solu- 
tion is slacked in the above Comparative Example 
whereby quite a large rise in temperature is generated 
before spraying so that non-vaporized residues are apt 
to be generated. 

[0074] Further, since carburetion becomes gener- 
ally more difficult the higher the density of the solution 
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becomes, the vaporizing device of the present invention 
provided with the cooling mechanism for cooling the 
spray nozzle 7 is more advantaged in that it is capable 
of restricting evaporation of solution before the carbure- 
5 tion and thus of restricting increases in concentration of 
the solution before spraying. 

[0075] Fig. 5 is a schematic view showing an 
arrangement of a CVD apparatus including the vaporiz- 
ing device of the present invention utilizing thermoelec- 
w trie cooling through Peltier elements 22 instead of the 
cooling mechanism 19, 20 of Fig. 1. In the drawing, 
numeral 22 denotes Peltier elements by which the 
metallic block 18 is cooled. 

[0076] While results of carburetion and film forming 
75 of source material solutions for forming BST dielectric 
films are shown in the illustrated example, it is possible 
to perform carburetion by utilizing the vaporizing device 
for CVD source materials of the present example to pro- 
vide stable and long-term carburetion, so long as the 
20 CVD source materials are solutions or liquid state mate- 
rials of Ta alkoxide source materials for Ta oxides, Cu 
complex source materials for Cu wiring, ferroelectrics of 
Bi-Sr-Ta group or Pb-Zr-Ti group or other materials of 
various ceramics, metallic films, metallic oxides, glass 
25 or superconductors. 

Example 2 

[0077] In a CVD apparatus including the vaporizing 
so device for CVD source materials according to the 
present invention shown in Fig. 3, both inner and outer 
tubes of the spray nozzle 23 of double tube structure 
are formed of stainless steel tubes wherein CVD source 
materials are made to flow through the inner tube and 
36 spray gas for spraying the CVD source materials 
through the outer tube. 

[0078] A thin stainless steel plate having atthick- 
ness of approximately 0.5 mm was employed as the 
heat conduction restricting means 21 similarly to that of 

40 Example 1,a foam fluoride resin group heat insulating 
material was utilized as the heat-insulating mechanism 
1 7, and an arrangement composed of the compulsory 
cooling portions 19, 20 utilizing circulation of cooling liq- 
uid (water) and of the heat conduction restricting portion 

45 provided by a stainless steel metallic block was 
employed as the cooling mechanism. Connection of 
each of the parts was performed through suitable con- 
necting methods such as welding and brazing. 
[0079] Utilizing a Ru solution of a concentration of 

so 0. 1 mol/l as a source material solution 1 obtained by dis- 
solving a DPM group source material in THF at a flow 
rate of 5 ml per minute, carburetion was performed at a 
cooling temperature of 5 to 20°C for the nozzle, a flow 
rate of 150 ccm for the spray gas (argon), a flow rate of 

55 1 ,000 CCM for the reaction gas (hydrogen) and a vapor- 
izing temperature of 1 80 to 200°C to perform vaporizing 
tests for 300 minutes and film forming tests during the 
same period similarly to the case of Example 1 . 
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[0080] It was found that by employing a spray noz- 
zle of double tube structure, the amount of generated 
residues could be further decreased than compared to 
a vaporizer employing an ordinary single tube nozzle. 
[0081] No decrease in repeatability of film forming 
(generation of defect articles) due to particles in the 
formed Ru electrode films was observed. 
[0082] Further, productivity of final semiconductor 
memories including Ru electrode films or electronic 
parts could be improved owing to elongation of continu- 
ous operation time of the vaporizer. 
[0083] The reason why the amount of generated 
non-vaporized residues could be reduced in the vapor- 
izing device employing a spray nozzle of double tube 
structure according to the present invention is consid- 
ered to be due to the fact that an atomizing structure 
was formed at the tip end portion through the double 
tube structure whereby drops of the source material 
solution to be sprayed became small and uniform, and 
that a spraying area with respect to the vaporizer was 
increased to enable carburetion in a more effective 
manner. 

[0084] While the C VD source material was made to 
flow through the inner tube and the spray gas through 
the outer tube in the illustrated example, similar effects 
might be obtained by an opposite arrangement wherein 
the spray gas is made to flow through the inner tube and 
the CVD material through the outer tube. Further, spray 
gas might be made to flow both of the outer tube and the 
inner tube so that either one is arranged to make source 
material and spray gas flow through in a simultaneous 
manner. 

Example 3 

[0085] Film forming tests of Cu electrode films were 
performed in a similar manner to that of Example 2 
expect for the point that a Cu solution of a concentration 
of 0.1 mol/1 obtained by dissolving a DPM group mate- 
rial in THF was used as a source material solution 1. 
[0086] It was found that the amount of generated 
residues could be further decreased than compared to 
a vaporizer employing an ordinary single tube nozzle, 
similarly to Example 2 and that no decrease in repeata- 
bility of film forming (generation of defect articles) due to 
particles in the formed Cu electrode films was 
observed. 

[0087] Further, productivity of final semiconductor 
memories including Cu electrode films or electronic 
parts could be improved owing to elongation of continu- 
ous operation time of the vaporizer 

Example 4 

[0088] In a CVD apparatus including the vaporizing 
device for CVD according to the present invention 
shown in Fig. 4. a PZT group dielectric film was formed 
using the CVD apparatus with a nickel coating having a 



thickness of 20 to 1 00 as the coating film 24 on inner 
surfaces of the vaporizer 8. 

[0089] The material for the vaporizer 8 was stain- 
less steel and the spray nozzle 7 was formed of a Teflon 
5 tube. 

[0090] More particularly, utilizing respective solu- 
tions of Pb, Zr and Ti of a concentration of 0.3 mol/l as 
source material solutions 1 to 3 obtained by dissolving 
DPM group source materials in THF respectively at a 
io flow rate of 5 ml per minute, carburetion was performed 
at a flow rate of 300 CCM for the spray gas and a vapor- 
izing temperature of 200°C to perform vaporizing tests 
for 300 minutes and film forming tests during the same 
period. 

15 [0091 ] It was consequently found that the amount of 
generated non-vaporized residues within the vaporizer 
could be decreased to approximately half of the amount 
in case no nickel coating film 24 was provided, so that 
elongation of continuous operation time of the vaporiz- 

20 ing device could be achieved. 

[0092] Further, decrease in repeatability of film 
forming (generation of defect articles) due to particles in 
the formed PZT film could be reduced. 
[0093] The reason why the amount of generated 

25 non-vaporized residues could be reduced in the vapor- 
izing device of the illustrated example is considered to 
be due to the face that the surface of the stainless steel 
promotes decomposition of source materials while the 
extent of decomposition by nickel is small. 

30 [0094] While the illustrated example is related to a 
case employing a nickel coating film, similar effects 
might be obtained by utilizing a coating film of chrome, 
a coating film of an oxide of nickel or chrome, a coating 
film of an alloy containing nickel or chrome as a main 

35 component or of an oxide of these, a coating film of 
heat-resistant resin, a coating film of holohyaline, or a 
coating film of ceramics. 

Example 5 

40 

[0095] A CVD vaporizing device obtained by com- 
bining those of the above Examples 1 to 3 was used. 
Explaining this CVD vaporizing device based on Fig. 1 , 
the spray nozzle 7 of Fig. 1 was replaced by the spray 

45 nozzle 23 of Example 2 (Fig. 3), and a coating film 24 
was formed on the inner surface of the vaporizer 8 (Fig. 
4) and a coating film of chrome oxide layer on the inner 
surface of the spray nozzle 23 (not shown). 
[0096] More particularly, utilizing respective solu- 

50 tions of Ba, Sr and Ti of a concentration of 0.1 mol/l as 
source material solutions 1 to 3 obtained by dissolving 
DPM group source materials in THF respectively, and 
employing stainless steel tubes as the outer tube and 
the inner tube of the spray nozzle 23 of double tube 

55 structure, the CVD source material solutions were made 
to flow through the inner tube and spray gas through 
both the outer tube and the inner tube, and the flow rate 
of spray gas (nitrogen) was set to be 200 CCM, respec- 
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lively. 

[0097] Carburetion of the respective source materi- 
als of a flow rate of 0.1 to 5 ml per minute was per- 
formed at a cooling temperature of 5 to 20°C for the 
spray nozzle and a vaporizing temperature of 200 to 
250°C to perform vaporizing tests for 300 minutes and 
film forming tests during the same period, similarly to 
Example 1. 

[0098] It was found that only an extremely small 
amount of residues were generated within the vaporizer 
and that no decrease in repeatability of film forming 
(generation of defect articles) due to particles in the 
formed BST dielectric films was observed. Moreover, 
periodic maintenance time could be reduced owing to 
elongation of continuous operation time of the vaporizer 
so that productivity of final semiconductor memories 
could be improved. 

[0099] A first vaporizing device for CVD source 
materials according to the present invention comprises 
a vaporizer for vaporizing introduced CVD source mate- 
rials through heating, a spray nozzle of which end por- 
tion is fixedly attached to the vaporizer for spraying the 
CVD materials into the vaporizer, a cooling mechanism 
for cooling the spray nozzle, and a heat conduction 
restricting means which is attached either to the fixing 
portion, or to a portion of the spray nozzle or the vapor- 
izer proximate of the fixing portion. With this arrange- 
ment, there can be achieved for an effect that 
generation of non-vaporized residues and particles can 
be decreased and that improvements in productivity 
owing to elongation of continuous operation time and 
decrease in film forming deficiencies can be achieved. 
[0100] A second vaporizing device for CVD source 
materials according to the present invention is so 
arranged that the first vaporizing device for CVD source 
materials further includes a heat insulating mechanism 
for thermally insulating the vaporizer from the cooled 
spray nozzle. With this arrangement, there can be 
achieved for an effect that generation of non-vaporized 
residues and particles can be decreased and that 
improvements in productivity owing to elongation of 
continuous operation time and decrease in film forming 
deficiencies can be achieved. 

[0101] A third vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the first or second vaporizing device for 
CVD source materials, the heat conduction restricting 
means is configured to assume a wall thickness which 
is smaller than a wall thickness of the vaporizer or the 
spray nozzle disposed in a periphery of the heat con- 
duction restricting means. With this arrangement, there 
can be achieved for an effect that generation of non- 
vaporized residues and particles can be decreased and 
that improvements in productivity owing to elongation of 
continuous operation time and decrease in film forming 
deficiencies can be achieved. 

[0102] A fourth vaporizing device for CVD source 
materials according to the present invention is so 



arranged that in the third vaporizing device for CVD 
source materials, the heat conduction restricting means 
is formed of a metallic plate of which thickness is 
smaller than the wall thickness of the vaporizer. With 

5 this arrangement, there can be achieved for an effect 
that generation of non-vaporized residues and particles 
can be further decreased and that improvements in pro- 
ductivity owing to elongation of continuous operation 
time and decrease in film forming deficiencies can be 

10 achieved. 

[0103] A fifth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the fourth vaporizing device for CVD 
source materials, a wall surface of the metallic plate of a 

15 small thickness is covered with glass, ceramics or heat- 
resisting plastics. With this arrangement, there can be 
achieved for an effect that generation of non- vaporized 
residues and particles can be further decreased and 
that improvements in productivity owing to elongation of 

20 continuous operation time and decrease in film forming 
deficiencies can be achieved. 

[0104] A sixth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in either one of the first to fifth vaporizing 

25 devices for CVD source materials, the spray nozzle is 
configured to make gas containing the CVD source 
materials and spray gas for spraying the CVD source 
materials flow in a separate manner. With this arrange- 
ment, there can be achieved for an effect that genera- 

30 tion of non-vaporized residues and particles can be 
further decreased and that improvements in productivity 
owing to elongation of continuous operation time and 
decrease in film forming deficiencies can be achieved. 
[0105] A seventh vaporizing device for CVD source 

35 materials according to the present invention is so 
arranged that in the sixth vaporizing device for CVD 
source materials, the spray nozzle is formed as a dou- 
ble tube structure composed of an inner tube and an 
outer tube wherein gas containing the CVD "source 

40 materials is made to flow through one of the tubes and 
spray gas for spraying the CVD source materials is 
made to flow through the other one of the tubes. With 
this arrangement, there can be achieved for an effect 
that generation of non-vaporized residues and particles 

45 can be further decreased and that improvements in pro- 
ductivity owing to elongation of continuous operation 
time and decrease in film forming deficiencies can be 
achieved. 

[0106] An eighth vaporizing device for CVD source 
so materials according to the present invention is so 
arranged that in the seventh vaporizing device for CVD 
source materials, the double tube is made of metal, 
resin or a complex of these. With this arrangement, 
there can be achieved for an effect that generation of 
55 non-vaporized residues and particles can be further 
decreased and that improvements in productivity owing 
to elongation of continuous operation time and 
decrease in film forming deficiencies can be achieved. 
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[0107] A ninth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the eighth vaporizing device for CVD 
source materials, either a tip end portion of the double 
tube or the tube through which the CVD source material 5 
is made to flow is formed of resin. With this arrange- 
ment, there can be achieved for an effect that genera- 
tion of non-vaporized residues and particles can be 
further decreased and that improvements in productivity 
owing to elongation of continuous operation time and 10 
decrease in film forming deficiencies can be achieved. 
[0108] A tenth vaporizing device for CVD source 
materials according to the present invention is so 
arranged that in the eighth vaporizing device for CVD 
source materials, the outer tube of the double tube is is 
formed of metal. With this arrangement, the tube can be 
manufactured easily, and there can be achieved for an 
effect that generation of non-vaporized residues and 
particles can be further decreased and that improve- 
ments in productivity owing to elongation of continuous 20 
operation time and decrease in film forming deficiencies 
can be achieved. 

[0109] An eleventh vaporizing device for CVD 
source materials according to the present invention is 
so arranged that in either one of the eighth to tenth 25 
vaporizing devices for CVD source materials, the resin 
is fluorine group resin, polyimide or polybenzimidazole. 
With this arrangement, there can be achieved for an 
effect that generation of non-vaporized residues and 
particles can be further decreased and that improve- 30 
ments in productivity owing to elongation of continuous 
operation time and decrease in film forming deficiencies 
can be achieved. 

[0110] A twelfth vaporizing device for CVD source 
materials according to the present invention is so 35 
arranged that in either one of the first to seventh vapor- 
izing devices for CVD source materials, surfaces of 
inner walls of the spray nozzle or the inner walls of the 
vaporizer are formed with a coating film of nickel, 
chrome or an oxide thereof, a coating film of an alloy 40 
including as main components nickel or chrome or an 
oxide thereof, a coating film of heat-resisting resin, a 
coating film of holohyaline, or a coating film of ceramics. 
With this arrangement, there can be achieved for an 
effect that generation of non-vaporized residues and 45 
particles can be further decreased and that improve- 
ments in productivity owing to elongation of continuous 
operation time and decrease in film forming deficiencies 
can be achieved. 

[0111] A thirteenth vaporizing device for CVD so 
source materials according to the present invention is 
so arranged that in a vaporizing device for CVD source 
materials comprising a vaporizer for vaporizing intro- 
duced CVD source materials through heating and a 
spray nozzle for spraying the CVD materials into the ss 
vaporizer, surfaces of inner walls of the spray nozzle or 
the inner walls of the vaporizer are formed with a coat- 
ing film of nickel, chrome or an oxide thereof, a coating 



film of an alloy including as main components nickel or 
chrome or an oxide thereof, a coating film of heat-resist- 
ing resin, a coating film of holohyaline, or a coating film 
of ceramics. With this arrangement, there can be 
achieved for an effect that generation of non-vaporized 
residues and particles can be further decreased and 
that improvements in productivity owing to elongation of 
continuous operation time and decrease in film forming 
deficiencies can be achieved. 

[0112] A CVD apparatus according to the present 
invention comprises any one of the above first to thir- 
teenth vaporizing devices for CVD source materials, a 
supply portion for supplying the CVD source materials 
into the vaporizing device for CVD source materials and 
a reacting portion for forming a layer on a substrate 
through reaction of the source materials which have 
been vaporized by the vaporizing device for CVD source 
materials. With this arrangement, favorable film forming 
can be performed and improvements in productablity of 
manufacture of memories or electronic parts can be 
achieved. 

Claims 

1 . A vaporizing device for CVD source materials com- 
prising 

a vaporizer (8) for vaporizing introduced CVD 

source materials through heating, 

a spray nozzle (7) the end portion of which is 

fixedly attached to the vaporizer (8) for spraying 

the CVD source materials into the vaporizer 

(8). 

a cooling mechanism (19, 20) for cooling the 
spray nozzle (7), and 

heat conduction restricting means (21) 
attached either to a fixing portion (25), or pro- 
vided proximate to a fixing portion (25) of the 
spray nozzle (7) or the vaporizer (8). 

2. The device according to claim 1 , 

wherein the device further includes a heat insulat- 
ing mechanism (17) for thermally insulating the 
vaporizer (8) from the cooled spray nozzle (7). 

3. The device according to claim 1 or 2, 

wherein the heat conduction restricting means (21) 
are formed of a metallic plate the thickness of which 
is smaller than the wall thickness of the vaporizer 
(8). 

4. The device according to claim 3, 

wherein at least a part of a wall surface of the 
metallic plate (21) of a small thickness is covered by 
glass, ceramics or heat-resisting plastics. 

5. The device according to any of claims 1 to 4, 
wherein the spray nozzle (7, 23) is a nozzle which 
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is configured to make a gas containing the CVD 
source materials and a spray gas for spraying the 
CVD source materials flow in a separate manner. 

6. The device according to claim 5, 5 
wherein the spray nozzle (23) is formed as a coaxial 
double tube structure composed of an inner tube 
and an outer tube, and 

wherein the gas containing the CVD source materi- 
als is made to flow through one of the tubes and the io 
spray gas for spraying the CVD source materials is 
made to flow through the other one of the tubes. 

7. The device according to claim 6, 

wherein the coaxial double tube is made of metal, 15 
resin or a complex of these. 

8. The device according to claim 6 or 7, 

wherein either a tip end portion of an inner tube 
and/or an outer tube of the coaxial double tube or 20 
the tube through which the CVD source material is 
made to flow is formed of resin. 

9. The device according to claim 7, 

wherein the outer tube of the coaxial double tube is 25 
formed of metal. 

10. A CVD apparatus comprising: 

(a) a vaporizing device for CVD source materi- so 
als comprising 

a vaporizer (8) for vaporizing introduced 
CVD source materials through heating, 
a spray nozzle (7) the end portion of which 35 
is fixedly attached to the vaporizer (8) for 
spraying the CVD source materials into the 
vaporizer (8), 

a cooling mechanism (19, 20) for cooling 
the spray nozzle (7), 40 
heat conduction restricting means (21) 
attached either to a fixing portion (25), or 
provided proximate to a fixing portion (25) 
of the spray nozzle (7) or the vaporizer (8), 
and 45 
a heat insulating mechanism (17) for ther- 
mally insulating the vaporizer (8) from the 
cooled spray nozzle (7); 

(b) a supply portion (1-6) for supplying the CVD so 
source materials into the vaporizing device for 
CVD source materials; and 

(c) a reacting portion (12) for forming a film on 
a substrate (15) through reaction of the source 
materials which have been vaporized by the 55 
vaporizing device for CVD source materials. 
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means (21) attached either to a fixing portion (25), or 
provided proximate to a fixing portion of the spray nozzle 
(7) or the vaporizer (8). The effect can be achieved that 
generation of non-vaporized residues and particles can 
be decreased and that improvements in productivity ow- 
ing to elongation of continuous operation time and de- 
crease in film forming deficiencies can be achieved. 
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